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(54) SOLID POLYMER ELECTROLYTE 

(57) An objeci of she present invention is to provide 
s practice: solid polymer electrolyte that exhibits excel- 
lent thermal characteristics, physical characteristics, 
and ionic conductivity, and in particular, to provide a 
completely solid electrolyte and a copolymer composi- 
tion that functions as the substrate for producing such 
an electrolyte, A soiid polymer electrolyte comprising an 
electrolyte salt, and a copolymer in which a block chain 
A containing a repeating unit represented by a formula 
(!) shown below, 



if T\ 

O— ^-OHCH— O^— R, 



4H+ 



01) 



a biock ctiaif i 8 i u nit i ^presented 

by a formula (ti> shown cetow; 



(wherein, R 9 represents on oryj group), and a biock 
chain C con iini g > - jniedbya > 

mufa (III) shown below: 



• (III) 



(wherein R. r a heteroaryl 

{roup} area j ' i i B a C 
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Description 

TECHNICAL FIELD 

s [0001] The present invention relates to a solid polymer electrolyte that is particularly useful for use within secondary 
batteries 

BACKGROUND ART 

io [0002] Although batteries have long been used, they have recently been recognized as oru <i srrtely important 
base component - quiocrystaldispiayelerrs^s nt tie 

in the cases of portable telephones and notebook type personal computers, the demands for improved battery per- 
formance and reduced battery weigh- are strong, and lithium ion batteries are attracting considerable attention as one 
type of battery capable o- mealing these demands Lithium ion batteries oflet higher energy densities and mors rapid 

» barging t 1 rttenes, and or < isid for ne future 

tmO'Jj 1 - ( „ uch as f i p i 1s h r 

dilronally been used as the electrolyte but liquid electrolytes are prone to leakage end do not provide ideal long-kern 
< ibilit\ i js as draw! i Ks 1 apphc on of si > 

to a variety ol etec - r , lines the productiot of be siement b 1 siso mat es eductions 

so in the size and weight of the element, and because of the lack of any leakage problems, enables the provision of a 
highly reliable element. 

[0004] Accordingly, in the field of lithium Ion battery research, the research and development of new solid electrolytes, 
and in particular the research and development of solid polymer electrolytes that are lightweight, flexible and readily 
processed, is being actively pursued. 

S5 [0005] Air but since the announcement that certain polymer materials 

suci as polyethylene o> I t electrolyte 3lts s ch as ft am 

salts, resulting in a high tonic conductivity much attention has been foe u I r electrolytes 

that use PEO or other potyalkylcne oxides, or poiyethylonoimines or poiyphosphazenes that contain similar ton disso- 
ciation groups as the electrolyte matrix. There have been many publications of research relating to solid polymer eleo 

30 trolytes in which a polyalkylene oxide represents one component of the matrix, and the ionic conductivity at room 
temperature has now reached 1 Q-*to 1 0- 6 S/cm. However, in order to achieve a high ionic conductivity, She polyalkylene 
oxide content within the matrix must be increased, but unfortunately this leads to a marked deterioration in the strength 
and heat resistance oi the electrolyte film, meaning producing a practical solid electrolyte has been difficult. Moreover, 
the ionic conductivity also decreases dramatically if the temperature falls to 0"C or lower (see Japanese Unexamined 

as Patent Application, First Publication No. He! 5-120312, and J. Appi. Electrochem., No. 5, 63 to 68 {1875}}. 

[0006] A solid polymer electrolyte in which the matrix substrate comprises an ABA type ribbed - lymerproduced 
bycopolyt t iiyceimunorrtcto% late (A tmdsty;ene(3)viaailvings i olymeri r 

has been proposed as a suitable solid polymer electrolyte (see Makromol. Chem. , * 80 1 058 to 1 078 (1 989}). 
[0007] However, the homopofymer of the methcxypotyethylene glycol monomethacryiate of the component (A) is a 

40 liquid at room temperature, even at very high molecular weights, meaning that in order to ensure that the A-B-A co- 
polymer forms a solid electrolyte matrix substrate, the quantity of the component (A) must be restricted, However, this 
means thai the shape and size of the PhO domain, which functions as l he diffusion and transport space for the lithium 
ions is also i nic conductivity at 40*G was a somewhat unsatisfactory 1 0 -s S/cm, 

*5 DISCLOSURE OF INVENTION 

[0008] An object of the present invention to provide a solid polymer etectroly! olf-at U i 

structure- to provide excellent ionic conductivity, thermal characteristics, and physical characteristics. 

[0008] As a result I ns aimed at resolving the problems described above, the inventors of the 

as mv i 1 - riblock copolym tailing K chain formed <\ thy 

glycol mono<meth)acghato units, if a rigid block chain such as polystyrene Is provfoed at either one. or both terminals 

of the alkoxypoiyethyiane glycol mono(meth)acryl8te chain, then the pseudo cross-linking effect provided by the rigid 
t ca ' ven when the guar # < , 1 ilycol n 

scryiate units is increased, thus enabling a higher ionic conductivity to be achieved, and enabling the inventors to 
55 complete the preset* Invention. 

[0010] Ir •?' o wot I a its aspect of he pres i it the following 

(1) A solid polymer electrolyte comprising an electrolyte salt, and a copolymer In which a block chain A containing 
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a repeating mil represented by a formula (I) shown below: 



1Q 




•'wherein H, to R- ;; each represent, independently, a hydrogen atom or a hydrocarbon group of CI :o C10. R-, and 
R 3 may be bonded together to form a ting. R 4a and R 4b each represent independently, a hydrogen a;om or a 
t \ epresents at yl group, m rc r<>s nts 

an integer from 2 to 100. and individual and B 4b groups may be eisher the same or different), a block chain 8 
containing a repeating unit representee by a formula dp shown below: 




{wherein R e to R s each represent independently, a hydrogen atom or 3 hydrocarbon group of 01 to C10, and R 9 
a? presents an aryi group;, and a block chain C are arranged in the sequence 8, A. C. 
The present invention also relates to the following aspects: 
(2) A solid polymer electrolyte according to the first aspect, wherein the block chain C contains a repeating unit: 
represented by a formula (lit) shown below: 




• (HI) 



i hydrogen atom or a hydrocarbon group of CI to CI 0. < 

R K . represents an aryi group or a heteroaeyi group). 

{3} A solid polymer electrolyte according to either one of the first and second aspects, wherein the block chains A 
to C form a copolymer wish a B-A-C bonding sequence. 

■4} A solid polymer electrolyte according to any one of -he first through third aspects, wherein :he degree of po- 
lymerization of trie repeating unit represented cy the formula (!) is at feast 10. 
' f < 1 trol i ' t t i 1 e t <. 

polymerisation of the r pt escrisd by the formula {II) is at least 5. 

(6) A solid polymer electrolyte according to any one of the second through fifth aspects wherein the degree of 
polymehzat o- of me re; Coonied by the formula (III) is at least 5. 

(7) A sold polymer electrolyte according to any one of the first through sixth aspects, whsrein the value of m in 
the formula (!) is an integer from 5 to 100. 

(8) A solid pofv > r ng to any one of the first through seventh asr; ' \ ; the value of m 
n'he'ptT- gvr'rom 10 to 100. 

(9) A son, \ g o any one of the second hrougt ■> ' » f the group R 13 
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j d the d< ii > rep << g spre 

formula (til) is at least 5. 

(10) A solid polymer electrolyte accord ng to any one of me first through ninth aspects, wherein the molar ratio ({() 
(ill r-C c sated by the formula (I), and the 

s pros t db> he form ia (IS) and > in 1 e block chain C Is wil t - Tt 1 '30 to SEX' -1 

11 ) A si r c ord n y d any o if of the seco id throe jh ninth sspe; -Air n the t d 

{(iV((ll)+(lil))) between the repealing units represented by the formuia {[). and the combined total of the repeating 
units represented by the formula (I J) and the repeating units represented by the formula (HI) is within a range from 
1/30 to 30/1. 

io (12) A sold polymer electrolyte according to any one of the firs h i £ ftaspe *. rein the number 
average molecular weight of the copolymer is within a range from 5 ; 000 to 1 .,000,000. 

(13) A solid polymer electrolyte according to any one of the first through twelfth aspects : which exhibits a micro- 
phase separated structure. 

(WJAsoHg polymer electrolyte according to any one of the first through thirteenth aspects, wherein the electrolyte 
» ait is one or mc it e n a group consisting y ammonium sail 

quaternary phosphonium salts, transition metai salts, and proton ic acids.. 

(15) A soifcs polymer electrolyte according to any one of the first through thirteenth aspects, wherein the electrolyte 
salt is a lithium salt. 

The present invent o t jIso relates o a sixteenth a f edb 
so (18) A copolymer in which a block chain A containing a repeating r > , u ; iown below 



"1 K3 

4- <4 



= 0 R 4b 



' (I) 



O— f-CHCH— O-j—Rg 
R 4a 6! 



(wherein R . > hydrogen atom or a hydrocarbon group of CI to C1 0, R<. and 

R 3 may be bonded together to form a ring, and R 4b each represent, independently, a hydrogen atom or a 
methyl group, R 5 represents a hydrogen atom, a hydrocarbon group, an acyl group, or 3 siiyi group, m represents 
an integer from 2 to 100, and individual R 4a and R^ groups may be either the same or different), a block chain S 
containing a repeating unit represented by a formuia (il) shown below: 




■ (II) 



{wherein R 6 to R 3 e v '-ycrogen atom or - o CIO, and R 9 

represents an aryi group), and a block chain C containing a repeating unit represented by s formula (Hi) shown 
below; 



4f-}4" ...on, 

R11 Bis 
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(wherein R 10 to R< 2 each represent, independently, a hydrogen atom or a hydrocarbon group of C1 to C10. and 
^ , rep r s "~od tn the sequence B. A, C. 

The present Invention also relate hefo ving aspects 

(17) A copolymer according to the sixteenth aspect, wherein the block chains A to C are bonded together in a 
3-A-C sequence. 

(18) Acopolyme according to either on of the sixteenth and seventeen*)- i reir eeo olytn 
elation of the repeating unit represented by the formula {;} is at feast 10. 

{19} A copolymer according to any one of the sixteenth through eighteenth aspects, wherein the degree of polym- 
ei teation o; the roue ting ' ■ rented by the formula (If) is at least S. 

{20} A cope ym t i < teenth through nineteenth aspects wh rein he iegree of polynrc- 

srteation of the repeatii sentt y the formula II) is at fe 1 5 

{21} A copolymer according to any one of the sixteenth through twentieth aspects, wherein the value of m in the 
formula (!) :s an integer from 5 to 100. 

22) A copolymer a< c e of the sixteenth thr he value m in the 

formula (I) is an integer from 10 to 100. 

(23) A copolymer according to any one oi the sixteenth through twenty second aspects, wherein the group R 13 in 
the formula (III) is an aryl group, ana the degree of polymerization of the repeating unit represented by the formula 
itil) is at leasts. 

2 rt c poh r j x wentv pects. wherein the molar ratio di) 

l)+(ll)»}t tw J by the formula fl) ret e repeating units 

represented by the formula (i I) and the repeating units represented by the formate (Hi) Is within a range from 1/30 
to 30/1 . 

- \ one ct toe sixteenth through twenty fourth aspects, wherein the number average 
molecular welg f op vithin a range from 5,000 to 1,000,000. 

;f?6) A copolymer according to any one of the sixteenth through twenty fifth aspects, which exhibits, a microphase 
s e p a rated st ructure. 

The present invention also relates to the foiiowing aspects. 
{27) A method of producing a copolymer according to any am of the sixt.-e ughtv - . ;pecte. which 
t saisvlegra ti n which a transit natal complex is used as italyst. and an organohal 

ogen compound comprising 1 or more halogen atoms is used as an initiator. 

{28) An ion conductive film containing a polymer comprising a polymer segment (PI ) that displays ionic conductivity 
and a polymer segment (P2) that displays no ionic conductivity, wherein the film exhibits a network-type microphase 
separated structure, 

(28) Ah Son conductive film according to the twenty eighth aspect, wherein the polymer comprising Pi and P2 is 
a polymer In which the segments are arranged in a P2, P1 . P2 sequence. 

1} Copolymer used in the Solid Polymer Electrolyte of the Present Invention 

[0G1 1 ] A copolymer used so a solid poly r e , ng a block 

chain A containing a repeating: unit represented by the formula {!}, a block chain B containing a repeating unit repre- 
sented by tne formula hi) and an arbitrary block chain G. wherein these block chains are arranged in the sequence 
8. A. C. in this case, the block chain B and the block chain C may be either the same or different, 
0012 ems ;h b i B contain repeating i ' * 

iv ' 1 v main other repeating un \ ' ~ 

to the identified repeating units, as well as those cases in which no other structural units exist within the chains Fur- 
) 1 in th ss< t sst s #N ,f - block chain also contains other repeating urits as sfructura units, there i > no 
_ ^ k tot i i ?. f h the re t 1 ' ■> be torn j a 

and random polymers, block polymers and alternating polymers are all possible. 
[0013] i j i statement hat i 3 block chains are arranged n the sea ence B, A, C a i f 

in which the blocks are ponded together directly, as well as those cases in which the blocks are bonded together via 

i has linkage polymer cha eca mc 

another polymer chain as as' e haln may be either a homopoiymer o< a b . order copol- 

ymer, and tn the case of a copolymer there are no particular restrictions on the bonding within the copolymer, and 
random, block, and gradient copolymers in which the component ratio gradually changes, are all suitable. Of the cases 

in bove ses n which each block chain is bended in the nee 8 

the term „*<cha<ns arc either bonded together directly, or bonded together v=a a low mo- 

lecular weight linkage group such as an oxygen atom or an aikyiene group. 

[0014] I" e mted by the ft nu la (l>. the groups R 1 to pf < $ 



5 



EP 1 553 117 A1 



hydrogen atom or a hydrocarbon group of 1 to 10 carbon atoms such as a methyl group, ethyl group, n- propyl groop, 
Isopropyi group, n-butyl group, sec-butyl group, isobuiyi group, t-outyi group, phenyl group, naphthyi group, or benzyl 
group f urthefmere R-, and Rg m?.} jgethertofomiaring 

[001 6] T ,. pr jsent, independently, a hydrogen atom or a methyl g oup and n r ef 

;er from 2 to 100 md r j i '; jet from 5 to 100, and even more p b i i tm 10 to 100. 

rj i nit may be either the same or diiforo-- nb In i R 4 

groups may be either the same or different. 

[0016J % represents a hydrogen atom: a hydrocarbon group such as a methyl group, ethyl group, n-propyl group, 
Isopropyi group, n-butys group, sec-butyl group, soouty group, --butyl group, n-hexyl group, phenyl group, substituted 
ph i - 11 up naphihy jrou ar acyl jr up such as a fcrmyl group acetyl group propiony group butyryl grouf 

t t group - jo- as a riroetm j jt > - group 

[0017] The groups R 1 to R s may contain a subsfetuent group at a suitable carbon atom, and specific examples of 
this substriuen; group include a halogen atom such as a fluorine atom, chlorine atom, or bromine atom, a hydrocarbon 
group such as a methyl group, ethyi group, n-propyl group, phenyl group, naphthyi group, or benzyl group, an acyl 

i I up.ahydtoi srbor xvg nop su lasanlirile n jrot 1 

group, or phenoxy group, as well as other groups such as a me-hylihio group, me-thylsulfinyi group, roelhylsutforiyl 
projp an ns a i ,lroi r up r m Ins group. 
[0018] The degree of poly terizatian t ha 

value ot m, altnough values of a; leas; 1 0 are preferred, and values ol 20 or greater are even more protested. Specific 
examples of the repeating unit represented by the femnjia (I) include the compounds listed below The compounds 
i v "at can be considered as giving rise to the repeating unit represented by the formula (!}. 

'i these g nl oyedei tgularly, or in mixtures oft» o t repeating 

units. 

[0019] 2a t v t • / ryiate, 2-metbo> pyi (meth)acrylate, 2rothoxy[ 

roe ct ethylene g s c 

to 100). ethoxypolyethylene giycol imsthiacryiate, phenoxypolye-thyiene glycol tmettnacrylafe. mettiexypolypropylene 

n ^ q vol 

(meth}acrylate. phenoxypolypropylene glycol (methjacryiate polyethylene glyco! monofmethjacrylate, 2-hydroxypro- 
pyl (methiamylato. polypropylene glycol morminrothtaemtafe, poiyeihylene glycol- polypropylene glycol monofmeih) 
ale. octoxypolyelhv ' >rof ' ofmeth)acryia1 *y ?l re glycol roonotmett 

actyiate, stearoxypoiyethyene glycol mono(roetb}acry!ate, the Biemer PME series o? compounds (monomers of the 
formula (I) in which R 1 - R a « a hydrogen atom, B 3 ~ a methyl group, and m - 2 to 90) (manufactured by Nl PPON OIL 
& FAT Corporation) acetyfoxyf liycol {roeth)acryfate, benzoyioxypolyethylene glycol £meth)acryiate, tri- 

methyis tv; > - glycol (methiacryiate, t-butyldimethyisilyloxypotyethyiene glycol (meityacrytste, methoxy- 

polyethylene glycol cye.lonexene-1 -carooxyiate and roethoxypoiyetriylene glycol elnnamate. 
[0020] In the repeating unit represented by the formula (II), the groups R s to R 8 each represent independently, a 
a l c i rou c 1 o 10 carbon atoms such as a methyl group, ethyl group, n-propyl group, 
isopropyi group, n-butyl group, sec-butyl group, isobuty! group, t-butyl group, phenyl group naphthyi group, or benzyl 
group, and the group R 9 represents snaryl group such as a phenyl group, subsr j 1 » qtr i- naphthyi group 
or anthracenyl group. 

[0021 J Furthermore, the groups R s to R 8 may contain a substttuent group at a suitable carbon atom, and specific 
wn$ > i icludea alogen atom such as a fluorif-s atom chlorine atom, ot bromine atom, 

i p, ethyl group, n-propy r uc net f 3f ,< .p or benzyl 

group, an acyl group such as an acetyl group or a benzoyl group, a hydrocarbon oxy group such as a nitrite group, 
nHro group, methoxy group, or phenoxy group, as well as other groups such as a methyithio group, methylsulifnyl 
group, metbylsuirony group, amino group, dimelhylamino group, or aniline group. 
[ greeofpolyn " ormi / 

even more preferably 1 0 or greater. Specific examples of the repeating unit represented by the formula (II) include the 
. > pound ed represent monomers that can be eonsid * j se o tee 

repeating una represented by the formula pi). Furthermore, these repeating umts can be employed either singularly, 
or in mixtures of two or more dif i m ; > rg units, 

[0023] Aryi compounds such as styrene, o-methylstyrene, p-methylsfyrene, p-f-butylstyrene. o-methyishyrene, p-t- 
\ styre e n chlorostyr r t c st, 4 boxystyren iy 
anisole vinyftoenzoic acid v ^{aniline vinyinaphthalene and 9~vinylanthraeene. 
t C ' I 1 ii i f , at r i f 

chains include those containing a repeating unit represented by the formula (III) 

[0025] In toe r epeating unit represented by the formula (lit), the groups R 10 tc R 12 each represent, independently, a 
c - -on group of 1 to 10 carbon atoms such as a methyl group, ethyl group, n-propyl group. 
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o; , f butyl group, s i i - A p. tout) p. phenyl grou >h?hy1 group, orb« 
group. The group R 13 represents an aryl group such as a phenyl group, substituted phenyl group, naphtbyl group, or 
amhracenyi group, or a beteroary! group such as a 2-pyrtdyl group or4-pyridyl group. 

[0026] Furthermore, the groups R. s0 !d R 13 may coniain as bstituen group t a soil b ■ atom an so., t 

s example, i Miogen atom such as a fluorine atom, chlorine atom, or bromine atom, 

a hydrocarbon group such as a meshy; group ethyl group, n-propyi group, phenyl group, naphthyl group, or benzyl 
group, an aeyi group such as an acetyl group or a benzoyl group, a hydrocarbon oxy group such as a nitrite group, 
nitro group, methoxy group, or phenoxy group, as well as other groups such as a methylthio group, methylsuifmyi 
group m^ > , : ogt •nethyiar o group. 

io 100273 The degree of polymerization of the repeating unit represented by the formula ijiij is preferably at least 5, 
an even m i-t o e r t i) I ula (hi) inc j\ 

the compound 1 s J e T jmpounc tsted rep« i t nomersti in b« iving rise to th 

repeating unit represented by ;ha iorrnula (hi). Furthermore, these repeating units represented by the formuta (ill) can 
er singularly xtute < 1 . 1 i 

» [0028] Aryl compounds such as styrerse. o-methylstyrene. p- methyls tyrene. p-t-butylstyrene. a-methylstytene, p-i- 
i v ' 1 rlstyrene m-cblorostyrene p-chlorostyren« t arbcxystyrene viny- 

tsoie ' cv I am d. vinyianiline naphf n I 1-v Sine. 2-vinyl 

quitiolirte, 4-vinytquinolmo 2-vinyfthiophene. and 4-viriyithiophene 

[0G29J A cup y l o t < [ st ii t it f y I contain rep t fron th«r y 

3a units represented by the formulas (1} to (lil) as structural units, and examples of these other repeating units include tne 
compo id Iso be used wunin the biook cnarn thcs s 

where the block chain C does not contain a repeating unit represented by the formula (III). The compounds listed 

.scan be employed 

either singularly, or in mixtures of two or mere ds f • > y ' try units. 

35 [0030] Suitable compounds ;d< i h)aerylates sue! as methyl {methjacrylafe eth* neth}acrylate "■butyl 
{methjacrylate, t-butyl imethjacsyiaie. cyciohexyi (meth)acfylate, oemryi (meth)acrylate :sobornyl (meth)acrylata. di- 
cyciopentsnyl (meth)acryiate. 1-adamantyl < met h) aery I ate 2-melhyl-2-adamantyl (meth)acrylate 1 -mstnyleneada- 
t r v , j nantyi {metn)acrylate. 3,7-dimethyi-1 -adaroaty! (math)acrylafe. trioyclodecanyl 

{math-actyiaie, norboma (meth)acryiate. menfhy h)acry!ase. n-propyl (meth)acryiat >yl I > 

30 2-etbylhexyl (metb)acry!ate isodecy h)acryi h)acrylal n , fohexyi tmethi 

actytate, tetrahydrofuranyl (meth)acryiate : tetrahydropyranyl (meth)acryfate : 3-oxocydohexyi (meth}acry!ate, butyrol- 
acton© {meth)acryiate, and mevalonic lactone (meth)scryiate; conjugated dienes such as 1 ,3-butadiene, isoprene, 
2,3-dimethyi-1,3 -butadiene. 1 ,3-pentadiene, 2-mefhyl-1 ,3-pentadlene, 1,3-hexadiene, 1 ,6-hexadiene, 4,5-dielhyl- 
1 ,3-octadfene, 3-butyl-i .3-octadtene, and chioroprene; edit -unsaturated carboxyiic acicr tmioes such as N-methylmale- 

35 imsde and Nt-pnenylmaleimioe, and « S- unsaturates; nitriles such as (meth)acryionitrile. 

[0031] In addition, repeating units that contain an intramolecular double bond capable of undergoing copoiymertea- 
tion with a monomer that generates a repeating unit represented by one of the formulas (I) to (HI), and also contain at 
least one functional group selected from a group consisting of a hydroxy! group, carboxy! group, epoxy group, acid 
anhydride group and amino group may also be incorporated as structural units, and specific examples of such repeating 

40 units include the compounds - e m he compounds listed represent monomers that can b© considered as giving 
rise to the equivalent repeating unit. T hese repeating units can be employed either singularly, or m mixtures of two or 
more different repeating units 
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C0 2 Me 



l l r j 3 C] i (fit > « 

total of She repeating units repressed by the formula (II) and the repeating units within the block chain C is preferably 
within a range from 1/30 to 30/1 . if the proportion of the repeating units represented by the formula ft) is less than 1/30. 
then a satisfactory level of conductivity cannot be achieved, whereas if the proportion exce is 3G/t. trier 

' ' e characteristics cannot be achieved f he opori ented by the combined 

total of the repeating units represented by thei^ ) <jo< chain C is less than 1/30, 

t i -it i ■) i iieved A'hereas if the propc i 

exceeds 30/1, then a satisfactory level of conductivity cannot be achieved. Furthermore,, in those cases where the 
ok aim C centa it - opea „ t s ntud by the formola (ill), these- repeating unrts represented fay the 

formula (II!) can simply be inserted within the above ratio in place of the repeating units within the block chain C. 
[0033] Although there are no particular restrictions on the number average molecular weight of a copolymer of the 
present invention., values withm a rangeirorn 5 000 to 1,000,000 are preferred. if the number average molecular weight 
is less t han 5,000, then the thermal characteristics and physical characteristics tend to deter iorate, whereas If the value 
exceeds 1.000,000, the moldabiiity and film forming characteristics tend to deteriorate Furthermore, there are no 
a uia strict » the ratio (F veen the weight average n uiarwelg * number average 

molecular weight (Mn), although in order to ensure formation of the microphase separated structure described below, 
the ratio is preferably within a range from 1,01 to 2.50, and even more preferably from 1 .01 to 1 ,50. 
[0034] There are no particular restrictions on the structure of the copolymer of the present invention, provided the 
block chains A, 8. and C are arranged in a specific sequence, although in order to maintain a high level of ionic con- 
ductivity when used as a solid polymer electrolyte, the film structure preferably exhibits a microphase separated struc- 
ture, and even more preferably a network type microphase separated structure. 

2 ■ Method of Producing the Copolymer 

[0G35] In those c 

and (V) shown below, as well as a repeating unit represented by the general formula {ill} as the block chain C, the 
< 1 ymer can be produced from a com? v, - n;ed by the formula (Vf) show; be v * ids 

such as a living radical polymerization that uses a transition metal complex as the catalyst and an organohalogen 

-1 > i i ' >msastl yi n in , dicai p i 

a stable radical, or a Jiving anionic polymerization. Of these, a living radical polymerization using a transition metal 

i va i tot itogen compoundeompriaing one or more >genat - ep yrr < 

initiator is preferred. 
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• • • (IV) 



err 
\ 

R 7 




■ (VI) 



[0036] Tne groups R 4 to R 1G in the formulas (IV) to (V!) are as defined above. A mor< r iption of trie 
methods reveals the following options: 

(i) a method in which a compound represented by the formula (!V) is reacted via a living radical polymerisation 
method using a bifunctto J the thus ob amed n - - chains and 

the like s tl ^ furtbe re ct w h a mo t block chasn. thus se tiafly extending 

the block chain, 

{ii) a method in which, with the exceptions of using a compound represented by the formula (V) instead of the 
compound represented by the formula (IV), and using a monofoncfJonal initiator, reaction is conducted in the same 
manner as (t), thus sequentially extending the biock chain from the terminal, and 

(iii) a method in which each block chain, or a portion of each block chain, is polymerized using a predetermined 
sequence, and the block chains are subsequently subjected to a coupling reaction. 



as [0037] A living radical polymerization can be conducted using a transition metal complex as the catalyst and an 
organohaiogen compound comprising one or more halogen atoms within each molecule as the polymerization initiator. 
[0038J The central metal within the transition metal complex is preferably manganese, rhenium, iron, ruthenium, 
rhodium, nickel, or an element from g*x>up7t© 11 on the periodic table such as copper (using th e periodic table disclosed 
in "Handfc I. Bas 4tf ised edition 1-^h.) edited by Th pan). Oft ese 

40 metals, ruthenium is particularly preferred. There are no particular restrictions on the tsgands that can be coordinated 
lemeta o 1 wta ioi ^\ i i ugl example f preferred ligands incl es of 18 to 5 

carbon atoms such as triphenyiphosohsne and tnnaphthylphosphme. tnaikyiphosphines of 3 to 18 carbon stores such 
as triethylphosphine and tribub/lphosphine. triarylphGsphites seen as triphenylphosphite. diphenyiphosphmoethane. 
halogen atoms such as iodine, bromine, and chlorine, as well as carbon monoxide, hydrogen atoms, cyclopentadiene. 

■*s cyctehexadiene cyciooclabiene. cycteoctatetraene. indene. norbornadiene. benzene, cymene. phenol. 4-isopropyStol- 
oene. cyciopentadienyi toluene- indenyi toluene, salicylidene, 2-methylpentone. 2-butene, aHene. furan. and carboxylsc 
acids erm r< nib < < lite are tfso usable 

e iig , - , prise v I 1 

ncfudmg 1 1 yl groups such as methyl groups nyl groi ttt nyi groups {in* 

» cludtng C2 to C5 aikeny; groups such as vinyl groups and ally I groups}, alkynyl groups, alkoxy groups (including CI 
to C4 alkoxy groups such as methoxy groups), aikoxycarbonyf groups (including C1 to C4 afkoxycamonyl groups such 
as methoxycaroonyl groups)., acyt groups {including C2 to C5 acyi groups such as acetyl groups), acyloxy groups 
{including C2 to C5 acyloxy groups such as forrnyl groups and acetyloxy groups), carboxyi groups, hydroxy! groups, 
ammo groups, amide groups, Immo groups, nitro groups, cyano groups, thioester groups thiokelone groups, thioether 

ss groups, and halogen atoms (such as chlorine and bromine}. Specific examples of such substituted hydrocarbon ligands 
include cyclic hydrocarbon ligands mat may be substituted with 1 fo 5 methyl groups such as pereamethyfeyelopenta- 
dienyl ligands. 

[0040] Furthermore, in addition to the iigands described above, the transition ilo may a ontain a 



11 



EP 1 553 117 A1 



hydroxy! group, an alkoxy group (such as a methoxy. ethoxy. prcpoxy. or butoxy group), an acyi group {such as an 

i i * <■ , > i t a onyl ot ©thoxycarixmyl group kit 

group such as acetylacetonate.. a 3-kotoesior group such a? aeetylacetaie, a pseudo-haiogen group [such as a CN, 
thiocyanate (SON), setenocyanate (SeCN) , lellurocyanate{TeCN) ( SGS% OCN, ONC, or azidelNy group), an oxygen 

s torn H< j i f i r pound such s NH 3 , HQ H0 2 MO ithyie di; - i - elhyienetrtamine, 

iributyiam is 1 3 iiisopropy i 5 Jnri flfciine, pyridine, phena 1 substitui d 

phenanthroline. 2.2':6\2"-terpyr:dtne. pyridinimine, cross-linked aliphatic diamine, 4,4 , -dK&-nonyl)-2.2 , -bipyridme ! bi- 
c\ r it o i itocyar S, SeorTe aik/h in© yti in 
<-dn- -ii fa j, i dipyiidine, or tri{pyndinylmeihyl)aminel 

io [0041 j Using !ra with ruthenium as the centra! n ces. specific 

examples of the transition metal complex used in producing a copolymer at c e Jirf o oti s 

(iriphenyiphosphine) ru! ie tiur dich j 
nium. dk:bioro^i(trfcymenephosphine)stvryi ruthenium, dichlorojcycloocl adierte) ruthenium, dicbiorobenzene ruthe- 
nium, dichioro-p-cymene ruthenium. diohiofo(notbomacifene) ruthenium, cis - dich:orobis(2.2'- bipyr idme} ruthenium, 

is dichloroiris; ph i I ruthooiun u ny' I ' t | rut lium chlorocy- 

ciopentadienyibssfiriphenyiphospbine) ruthenium, ch!oroindeny1bis(tripheny!phospb:ne} ru-hemum. and dihydrotef- 
rakisltriphenyipbosphinei ruthenium, and of these, dfchiorotrismipbenyiphosplune) ruthenium, chloroindenyibisttrlphe- 
nyipbosphinet ruthenium, and dihydrc-tetrakisftnphenylphosphine) ruthenium are pteferted in add-on. specific exam- 
t npiexes im r t 1 iprtenylpm > > t o t 

30 uty minm me at 1 \ i iron trichloride (1 b / nine iron dibro- 

mfcte, n-bromojethylbenzene-tripnenylphosphine iron dibromide, {1-bromo)etby:ben2ene4-1.'1'-di(S-nonyl)-2.2'-bipyri- 
dine) iron dibromide. (l-bromoiethyibanxene-tri-n-butytamino iron dibromide n-bromo;ethy1ben;?ene-1rim--butylphos- 
piir ct umi 1 yipf f e n n * ) f il r iyl)-2,2 yridine] i 

amrnon i r m , opent eenyl lontil) le^de die it i fl bron le 

t ca be r .race dicar- 

bonyiindenyi iron(H} chloride, dicarbonyifiuerenyl iron(fl) iodide, dicarbonylfiuomny] mn{\\) bromrdo, dicarbonyltiuore- 
nyi trend!; chloride, 1,3-dii$Qpropyi-4,5-dimethylin*d32ol-2-yttder:e iron chloride, and 1,3-diisopropyt-4.5-bimethyiimi- 
dazof-2-ylidene iron bromide; ruthenium complexes such as dicaii > - 1 m(ll) iad dc dicarto- 

onylcyclopentadienyl ruthenium'!!) bromide, dicarbonylcyclopentadienyl ruthenium (!!} chloride, dicarbonylindenyJ ru- 

30 ihenium(ll) iodide dicarbc-nylinde-nyl ruthenium(ll) bromide, dioarbonylindenyl luthemumfll} chioncio dicarbonylfiuore- 
nyi iuthenium;li) iodide, dicarbonylfluoreny! ruthenium!!!) bromide, dicarbonyifiuorenyi ruthenium(li) chloride, and 
dichioro-di-a^-bislfdimethylaminoJ-methyHtii-N^pyridine ruthenium {(!}; nickel cc-mpiexes such as carbonylcyciopan- 
ii) bromide, carbonyicyciopentadienyf nickei(li) chloride, car- 
bonyiifldeny! nickei{l!) iodide, cafbonyiindenyi nickef(U) bromide, cafbonyiindenyi nicK.eif.ii} chloride, carbonyifiuorenyl 

as nickei(li) Iodide, carbonyifiuorenyl nickel{!l) iodide, carbonyifiuorenyl mckel(ii) bromide, carbonyifiuorenyl nickei(ll) 
chloride, o.o'-ditdimethyiaminomethyltohenyi nickei haiide, di-triphenylphosphtoe nicks! dibromide, di(tdm-butylamino> 
c i ^td> ( laminophan nickel bromide. di«t n-butylphosp notnic jl d:bror cr and tattriphenylphos 
ph;ne) rucksi, molybdenum complexes such as tricarbonvmyclopentadienyl moiybdenurn(]l) iodide, tricaitonyicy- 
iopet t J Itit u r I) u i r\ ft(2 dime h 

40 yisminomethyipnenyl) lithium molybdenum. di-N-atyl(2-dtmethyiammomothylphenyi;-methyl lithium molybdenum, 
c * ay j lethyt lithtun motybdenun nd JMM-aiyli dimothytami 

(tomethyiphenyO-p-ioiyi lithium ntoiybaenian: luncjoten oompiexoi; such as dlcaibonylcyolopotitadiatiyl tungsten(li) io- 
dide, tricarbonytcyclopentfidienyf tungsten (I!) bromide, and tricarbonylcyciopentadienyl tungsten (I!) chloride; cobalt 
complexes soon as dicarbonylcyciopentadienyi cobatt b): manganese complexes such as tricarbonylcyciopentadienyl 

■*s manganese^) and iriettrboriyltmethyicyciopentadienyit mttnganesegt: theteum complexes such as hicatfoonyicy- 
cicpentadieny: rhernumfi) anci dioxobis(lriphenyiphosphine) rhenium iodide; rhodium complex sails such as triRnphe- 
u I f al Jium complexes such as triph iy 1 > , • tilad :op; ;ompiex 
salts ot diphenanthrolino, substituted diphenthroiine 2.2' : 6\2" : d:erpyr;dlne pyridinimine. or cross-linked aliphatic di- 
amine, and copper complexes such as acetyl[4-4'-dl!5-nonyi p) p Kailuorophosphfne-di[4-4'-d 

« (5-nonyi}a2,2*-bieyndinej coppm; copper thiocyanate, btpyndine copper with coordinated O. S, Se, or To, and copper 
With coordinated alkyiblpy:id:nylamii-:e alkyi substituted tripyr;d:no dilaikylam:no;aikyipyridine immodipyridme, ethyl- 

pyrid or trttp\, i - > i ,J ! u j 

ciopentadrenyi rutheniumiii) iodide, and carbonylcyclopenfadienyl nickef(il) iodide and the i:ke are preferred. These 
transltior tl comp r 1 t two or mote drf jmpiexes 

55 1 0042] The org 

pounds comprisi 3 fran 1 0 4. 0 even n e halogen ato I rit lie n bromina and iodine) This 

organohaiogen compound functions as an initiator for initiating the polymeria; ion reaction by interacting with she tran- 
sition met smpiex , > adicats This type of organohaiogen compound can be s. e eltl gulati> ot 
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a combination of two or more different compounds. There are no particular restrictions on the organohaiogen com- 
pound, although suitable examples include the halogen compounds represented by the formulas (Vli) and (VI li) shown 

below, 

s 



?2 



1Q 




• . * (VII) 



Rl5 

15 

S0 2 Rie . . .(viii) 



[0043] In these formulas, the groups R M anct R 15 may be either the same or d n i hydrogen 

atom, alky! grouc. cycioaikyl group, aryi group, aralsyl group, o- an organic group containing a hetero atom. The group 
R.,., teniosea - i i l , grouf or n organ roup c i n rtg a hetero 

atom. The aikyi groups, cycloalky! groups, aryi groups. aralkyl groups, or o g o malnlng a netero «om 

25 represented by R 14 to R, 6 . . .^nt groups I'^grouoZ, represents eiihera halogen atom or an organic 

group containing a hafogen atom and the group 2 < > nts either the same as 2, he sam as R !4 and R 15 . 

' o ms in ne. chlorine, bromine, anc iodi ' - hforine. brom;ne and 

iodine are particularly preferred, Specific examples of the above afky! groups Include C1 to C12 aikyl gi ; 
methyl groups, ethyl groups, n-propyl groups, isopropyl groups, n-butyl groups, tsoburyl groups, sec-butyl groups, and 

30 t-butyl groups. Specific examples of the cycloalky! groups include C4 to C12 cyclosikyl groups {and preferably C4 to 
C8 cycloalky! groups) such as cyclopenty! groups, cyclohexyl groups, and cyciooctyi groups. Specific examples of the 
aryi groups include C6 to CI 2 aryi groups such as phenyl groups, tolyi groups, and naphthyl groups, and specific 
examples of the aralkyl groups include C? to C14 araiky! groupssuch as benzyl groups and phenethyi groups. Examples 
Of the organic groups containing a hetero atom include organic groups containing at leas! one hetero atom (such as a 

as nitrogen, oxygen, or sulfur atom), ana specific examples include ester groups [including aikoxycarbonyi groups (in- 
eluding aliphatic CI to CIO aikoxycarbonyi groups such as methoxyearbonyi groups, ethoxycarbonyl groups, propox- 
ycarbonyl groups, and butoxycarbonyi groups; and C6 to C12 aryioxycarbonyl groups such as phenexycarbonyl 
groups): acyioxy groups (including aliphatic C2 to CIO acyioxy groups such as acetyloxy groups and propicnyloxy 
groups): and C6 to C1 n, s be oxy groups] t ketone grout ! ) I r t 

40 C10 acyl groups such as formyl groups and acetyl groups; andC6to C12 arylcarbonys groups such as benzoyl groups), 
ether grouf u ' - iphattc C1 to CIO alkoxy groups such as methcxy groups and ethoxy groups; and C8 to C12 
aryloxy groups such as phenc <\ p I « g oup ) a- vs d as cart xyl gr u s I jroxyt groups atnno 

groups, amide groups, imino groups, cyano groups, nitro groups, ttuoester groups, thioketone groups, and tbloether 
groups (such as aik 1 ps and f gro ps) The lon-hn ogen atoms rc , and R 15 may 

[0044] £ impounds include halogenatf yd >> s resented by ie above 

formula (VII). halogenated esters - halogen-containing esters'!, halogenateo ketones (.halogen-containing ketones) and 
, i, 1 ^ r ) ii I nds) ref 1 r jla (V). Sf 

genated hydrocarbons include haioaikanes [including ct to Ci2 alky I mononatdes such as methyl cnloride, methyl 
r>e bromide, methyl sodicie, ethyl chloride, ethyl bromide, ethyl iodide, n-ptopy chloride, n-propyi bromide, n-propyi iodide, 
isopropy ropyl t ic odide, t-butyl chlo d< t-butyl broinidt nd t-b tyl i J m C1 to C12 

1 mas dichtott > romomethane diiodomethane 1,1 iioroetha 1 ~ ji^mmoethane. 

1 1 d l dm i 1 ) J i 2-C-hiC 

2-iodopropane. and 2-bromo-2aodopropane: cycloalkyl halictes (Including C5 to C10 cycloalky! hafides such as cy- 
55 clohexy! chloride, and eye benzene and 

dicbiorobenzene), and aralkyl halides {including C?to C14aralk, 

benzyl iodide, benzhydryf chloride, ben/hydryl bromide, 1 -pbenysefhyl chloride, 1 -phenyietbyi bromide. 1 -phenytetbyl 
iodide, xylyierie J t J xylylene d t n i \ l\ ltd) ii rophu In c hm and i ro i j iv! i i 
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ane. Specific examples of halogen -containing esters include C1 to ClOalfcyl esters, substituted alky I esters, oraikertyl 
esters of halogen -containing C2 to C12 monooad)o>:ylio acsds (arid preferably C1 So C4 alky! asters of hatogen-con- 
talcing C4 to C8 moncearboxyfcc acids) such as methyl dicbteroaceiate, methyl tnchlotoacetate, methyl o.-bfomopbe- 
-lylacetate ethyl 2-bfomo-2-mefhyipropionate, hydroxyethyl 2-bfomopropiona!e yi; y bromopr 

i'e bromolactone D-carboxyphenyteihy 2-bromopropionate, msthyl 
' , ( a i butyrate ethyl 2-bromoiso jtyrato, methy oi 

sobutyrate, and ethyl 2-iocioisobutyrata; CI to CIO aikyi ester's of halogen-containing C1 to 014 poiycarboxySfc aci is 
- e ably C1 to 04 alky astets of ha ogen-comanmg C2 to 08 dicarboxylic acids) such as dimethyl 2-ehioro- 
tylm - O o'^ 2 n e hylrro onate dime hy 2 bromc 2 metre, n i oca e iethyl 2 bromo 2 me h 

yimalonate, dimethyl 2-iodo-2miethylmaionate. diethyl 2-iodo-2-metbysma;enate. and dimethyl 2-bromo-2 4.4-fftmetb- 
ylciutarate: and halogen-containing C2toC12 canboxyiie acids such as dlchiocoaeetic acid., dtoromoacetic acid, 2-cblo- 
roisobutyrsc acid, ana 2-bforocsobufyric acid. Specific examples of halogemcontalrcng ketones include haiogenated 
C1 to CI 0 alkyj-CI to C1 0 aikyl ketones such is 2 chteroacetone 1 1 v.n««<.cU.-> ► , moid (ketone aid 

1-bromoetbyl ethyl ketone: and haiogenated Ci to CIO alkyl-06 toC12aryl ketones such as 2 2-dlehionoacefopbersone 
and 2-bromoisobusyfophenone Specific examples of halogen -containing cedes include 2-bromopropicnitrile. and ben- 
zyilhiocyat part of this series. I audit n to fee ha g 

by the above formula (VM), organc halogen compounds containing 3 or 4 halogen atoms can also be used as reaction 
initiators Examples of compounds containing 3 halogen atoms include Ci to C'2 mhaioaikanes such as ohiotoforn'i. 
07 to 014 arafkyl tritialides such as tdchforophenylmetbane, 01 to 010 aikyl esters of halogen-containing 02 to 012 
tT!onocarbo.<yf;e acids such as acetyltrichloacmefhane, and halogena-ed Cf to Ci 0 alky;-C ■ to Ci 0 aikyi ketones such 
as 1 . 1 d-trieiiioroscetone. wnereas examples of compounds containing 1 halogen atoms include CI to Ci 2 tetranaic- 
alkanes such as carbon tetrachloride and bromotnehioromethane. Even compo no- wi t acre than lalogt i 
such as f c thane can be used 

[0045] Specific examples of sutfonyl halides represented by the above formula tVtli) induce aliphatic suifonyi cbto- 
- soiariy alkanesulfonyi halides such as metnanesuifonyi hailtiea) such as < h ;u iy! chloride, 
meihanesulfonyi bromide, methanesulionyl todicse. ehteromeihanesuifonyl chloride, chloromethanesudonyl bromide 
cblorornethanesuifonyi iodide. dichlonomethanesijlfonyl chloride. OichloFoniethanesuifony'l bromide, dichlommeth- 
artesulfonyl Iodide, bromomatbanesulfonyi chloride, bromomethaneasj if onyl bromide, bfomomelhanesuifonyl iodide, 
anesutfonyt bromid< J< iodometh- 

anesulfonyl chloride, iodomethanesuifony! bromide, iodomethartesulfony! iodide, dfiodomefhanesultonyl chloride, dii- 
odomethanesulfonyl bromide. diiodomethanesuSfony! iodide, and trrchloromethanesulfonyl chloride: and aromatic sui- 
fonyl halides such as beiuenesutfony! chloride, benzenesulfonyJ bromide, benzenesuifonyl iodide, p-methylbertze- 
nesuifcnyl chloride, p-methylbenzenesulfonyf bromide, p-rnethylbenzer-esulfonyi iodide. p-chloroberurtenesuSorryl 
chloride, p-chtorobenzenesuifonyi bromide, p-chiorobenzenesulfonyl Iodide, p-meihoxybenzehesulfonyi cbfortde : p- 
methoxybertzenesulfonyl bromide, p-meshoxybenzenesulfonyl iodide, p-nttrobenzenesuifonyl chloride, p-ratrobertze- 
nesutfonyl bromide, pmitrobercfenesuffeny! iodide, p-ftuombenzsnesulfonyl chloads, p-carbcxybenzenesulfonyt chlo- 
ride, p-aminodiazobenzeriesulfonyi chloride, 2.5-dichiorobenzenesuifonyl chloride, 2,5-dlmethoxybenzenestjiforiyl 
i 3 1 a haienesuiforty! chloride 2-rtap hater sutfortyl chlo- 
ride, (6 / 4 d suit iy! hio dc enzene 4 1 or ene 
1 u<- onyldttodid t i dichloride naphthalan 2 J a |pe naphthalene jr d > 6-di- 
si.jifonytdliodide naphthalene. In addition, examples o? other halogen compounds that contain hetero atoms include 

I pi siicycllc and aromatic alooh jch as 2 ich 

roethanoi and 2.2-dlb:omeeihanol; haiogenated nitrites (including haiogenated nitrites such os okihloroacetcmtnie 
and aibromoaootonitniei, hategenaied aldehydes, and haiogenated amides. 

f0046] if livtf j tad » » 1 i. t 

the metal complex to accelerate the radical polymerization, can also be added. Such Lewis acids ane amines can be 
1 is of two or more diff i it ti n on 

the type of Lewis acid used, and suitable examples include the Lewis acids represented by the formulas {SX} and (X) 
shown below. 



V 



(IX) 
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13 



r 17 m 2 r 2C 

^19 



■ (X) 



[0047] In these formulas, M t represents an element from either group 3 or group 13 of the periodic table, and M 2 
represenis an element from either group 4 or group 14 of i he periodic table. The groups R 1? to R x , may be either the 
same or i i {en atom, or an >ikj p, < I < aralkyl group, 

» ^<"><y q o c in !k,f > r_ J y / p i itky! ^ g if 
i n 4 j f f s Kum Sc and yttt um < and nts from group 13 

- 1 h enod as b i 3. aluminum Al gallium G an j idi m i. and of th ^ y h tndAI are pre 

and Sc and Ai am particularly desirable Specific examples of the aforementioned fvL, include elements from group 4 
of the periodic table such as titanium 71, zirconium Zr, and hafnium Hf, and elements from group 14 of the periodic 

50 tabic i » Po and of these, TL Zr. and Sn are preferred. 

[0040] In the casr R 17 to R 2C specific examples of me aikyi groups include C1 to C12 alky! groups 

such as methyl groups, ethyl groups, n-propyl groups, isopropyl groups, n-bufyl groups, isobuiy; groups, and t-butyl 
groups., specific exarnpies of the cycloalkyi groups include C4 to C12 cycioalkyi groups (and preferably C4 to C8 
cycloalkyl groups) such as cyclopentyl groups, cyelobexyl groups, and cyclooctyl groups, specific examples of the aryl 

2$ o c o u de r 6 v. / g is such I p t fie examples 

of the an- :!ude G7 to C1 4 arafky! groups such as benzyl groups and ph ■ unhermore 

<y g nclud - 1 ycloat* <y g > nd ferabfy C4 to C8 cy- 
t j u p cyclohoxyloxy groups, and cyctooclyloxy groups, and specific ex- 

amples of the araikySoxy groups include C7 to C14 aratkyloxy groups such as benzytoxy groups and phenethyloxy 

so groups. 

£0049] Those groups R i7 to Rgc that are not halogen atoms may contain the same types of substituenis aiiowed in 
the aforementioned hydrocarbon ligands. For example, aryloxy groups may contain a substituent group such as one 
or more CI to C5 alkyl groups on the aromatic ring. Specific examples of such substituted aryloxy groups include 
2-methylphenoxy groups, 3-methylphenoxy groups, 4-methylphenoxy groups, z-ethylphenoxy groups. 3-ethyiphenoxy 
as groups, 4-ethylphenoxy groups, 2,6-dimethylphenoxy groups, 2,6-diethylphenoxy groups. 2.6-diisopropyiphenoxy 
groups, 2,8-di-n-butylphenoxy groups, and 2,S-dk-butylphenoxy groups. Preferred groups for R 17 to R 20 include hal- 
ogen atoms such as chlorine, bromine, and iodine, alv/i groups, and alkoxy groups such as ethoxy groups, isopropoxy 
groups, n-butoxy groups, s-butoxy groups, and t-butoxy groups. 

[0G50] S \ n on bv the above form u fX) w e aiumii - based Lewis 

40 acids such as aluminum alkoxides t including Ci to C4 alkoxides or atyioxtdes of aluminum such as aluminum tnethox- 
ide, aluminum tnisopropoxide. aiummum tn-s-butoxWe, aluminum tri-t-butoxide, and aluminum triphencxide: and aiky- 
t - y ox uc a ti-l-butylphenoxids), ethyfaiuminum ts(2.6aj > > 

ide), and rnethylaluminum bis(2.S-di-t-bu!yi4-meihylphenoxids)j. and aluminum halictes {including aluminum trlhatides 
s aiumit ' r n t • d aluminum Shied m based Lev 

■*s correspond with the above aluminum-based Lewis acids (including scandium alkoxides such as scandium triisopro- 
poxide not seandiun t n r c I andium triiodtd , 

[0051] S * i i < i il - rt ?.s e d L o w is 

acids. Including titanium alkoxides (such as titanium tetramethoxide, titanium ietraelhoxide. titanium tetra-n-propoxide, 
titan una i ii henoxtde, chlorotitansum 

ss triisopropoxide. dtefttorotitanium drisopropoxide. and trichtorotitanium *epropoxrde); titanium nances (such as titanium 
tetrachloride, titanium teirabromide, and titanium tetraiodide): zirconium-based Lewis acids thai correspond with the 
above titanium-based lewis acids (including /acomum alkoxides such as zirconium teir».elhcx:da zirconium ietrs-n- 
propoxide. zirconium tetraisopropoxide. zirconium tetra-n-butoxide. and zirconium tetra-t-outoxide. and zirconium hal- 
idessje^ j tetrabromide and?ncortm 5 1 5 

55 that corre h m c tai d a including tin i < . such as ti tra cp epoxide and 

tin halidss - is n tetrabnomide, and tin tetraiodide). 

[0052] - erre \ j ( c i < 

witch the m i s irq of =t um nur scandium if a i i 
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examples of preferred compounds uwiude aluminum alkoxides {such as aluminum triethoxtde. aluminum iriisopropox- 
e md aluminum tri-t-butoxide) scand - ilkox ies such as 

< t ■ aethoxkse, mai^um te*rajs^»ropoxide, titanium setra- 

mbutoxide, titanium tetra-S-butoxide, and titanium ietraphenoxide}, zirconium aikoxities (such as zirconium tefraiso- 

s propone i has tit teir-HSopropoxide). 

[0053] Furthermore, there are no particular restrictions on the type of amine that can bo used, and any nitrogen- 
containing compound can be used, including secondary amines, tertiary amines, and nitrogen-containing aromatic 
heterocyclic compounds, althcug • amines and tertiary amines die ;■• e examples of suitable 

secondary amines include d r ; mm- amtne, di-n-propylamine o m:ne, pyrroli- 

■m dine pyridine.. 2.2.$.6-fetrwsefhyfpipendine. piperazine. and rnorehoime whereas specific examples of suitable ter- 
tiary amim « urns. -net jmine. tri-n-propylamine t n-butyiamine, diisopropylethylamine. N,N ; N', 
N'-tetr8methytethyiened»arn:ne : 1 ,5-diazaoieyclo!4,3,0]non-5-ene. 1 ,4-diazabicyclo[2.2.2|oct8ne. and 1 ,8-diazabicycto 
[S : 4,0]unoeo-7-sne. f-'unhcrmore compounds containing two or more of a primary ammo ponton a secondary amine 
portion, and a tertiary amine portion within the one molecule can also be used. Specific examples of such compounds 

is include diethylenetriamine. Iriethylenetetramine, fetraethyipentamm©. and 4-(2-aroinoethyl)piperidine. The ratio be- 
tween U Jnaition i r e Lewis acta or mine s typical vile incj 1 at 3.05/1 
So 10/1 (mola > '< m "> 1 1 to 5/1 (moia r< tic) 

[0054] Furthermore, living radical polymerization can also be conducted using stable radicals Examples of such 
stabler ah mpouno an fitdi. o ryotr 

so various alkoxy amines 

[0055] A stable free radical compound is one thai can exist alone as a stable free group at room temperature or 
under the polymerization conditions, or Is able to react with a growing, non-terminated radical during a polymerization 
reaction, generating a bond that is capable of re-dissociating. Specific exams _ b e t>f gen- 

erating one or more nitroxide radicals or hydra > sue ' t t loxj TEWPOt 

25 4-amino-2<2.6 ; 8-tetramethyl-1-piperidinyloxy., 4-hydroxy-2 ! 2,6,6-tetramethy!-1-piperidinyloxy ! 4-oxo-2 ; 2,6.6-tetrame- 
thyM-pipendinyioxy, 4,4'-dimethyM .3-oxazoiin-3-yk>xy, 2,2,6,5-tetf^nemyl-l-pyirolidinyfoxy, di-t-butylnitroxide, and 
2,2-di{44-octySphenyf)-1-picryfhydrazyl. 

[0056] The radical polymerization initiator can be any compound that underg s decor . t on to generate free 
• dicais „r spec < i lude izo compounds such as 2.2 i i i/ol 

30 vaieronttrfle), diacyl peroxides such as benzoyl peroxide, ketone peroxides such as methyl ethyl ketone peroxide, 
peroxyketals such as 1 i 1--bis(l-butyiperoxy}-3 ; 3,5-tfimethyicyclohexane, hydroperoxides such as cumene hydroperox- 
ide, diaikyi peroxides such as dicumyi peroxide, and organic peroxides of peroxyesters such as t-butyl peroxyptvaiate 
and {-butyl peroxybenzcate Furthermore, conventional polymerization accelerators such as dimethylaniiine or cobalt 
napmhenate that are commonly combined with organic peroxides can also fee used. 

as [0057] The radical polymerization initiator is typically used in a quantity equivalent to 0.05 to 5 rnois, and preferably 
from 0.2 to 2 mois, per 1 mot of the aforementioned stable iree radical compound. 

[0058] Ex? tie those com closed on page 107 of "Handbook of Radical Polym- 

erization", NTS Co., Ltd., and those disclosed in J. Am. Chero. Soc, 1999. 121 . 3904, and of these, the compounds 
showt be Li tteu \ y pre e jd 
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^5 [0059] Specific examples of methods of producing a copolymer using a living radlt or noiu Jo (no 

following methods: 

{1)8 method in which the monomers are added sequentially, wherein once the conversion ratio of the first monomer 
has reached 100%, the second monomer is added to complete the polymerization, and this process is then ra- 
30 peated, thus generating a block copolymer, 

(2) a method in which the second monomer is added, and the polymerization is continued, once the degree of 
polymerization or the molecular weight has reached a target value, regardless of whether or not the conversion 
ratio of the first monomer has reached 1 00%, thus generating a gradient copolymer in which random portions exist 
between the block chains, and 

as {3} a method in which once the degree of polymerization or the molecular weight has reached a target value, 
regardless of whether or not the conversion ratio of the first monomer has reached 1 00%, the reaction is halted, 
and the polymer is removed from the system and added to another monomer as a macrotnitiator, thus allowing a 
copolymerization to proceed fntermittentiy generating a block copolymer 

40 [0060] There are no particular restrictions on the polymerization method, and conventional methods such as bulk 
polymerization, solution polymerization, suspension polymerization, or emulsion polymerization can be employed, ai- 
i j til 1 n those cases where a s at > is use n 

are no par ular restrictions oi 1 j i i ( ch is benzene 

toluene, and xylene), aiicyclie hydrocarbons (such as cyeiohexano). aliphatic hydrocarbons (such as hoxana and oo- 

*s lane), ketones (such as acetone, methyl ethyl ketone, and cytlohexanone). ethers {such as tetrahytifofuran and diox- 
ane) esters {such as thy! ace t ir dlmeth and N.N-dimethyia 

' xide i xide) ifcofcols (such as methanol and ethane -• po& trie ateohol 

derivatives (such as ethylene glycol monornethyi other and ethylene glycol monomethy ether acetate) These solvents 
can be used either singularly, of in mixtures ottwo or more di i vent sp 1 t • « ally conducted 

so either under vacuum or In an inert gas atmospi • 1 j g t vt» a range from 0 

to £00"C m 40 to 1 50°C, and at either normal pressure or und oondit ons. 

[0081] A living an ct i i / non s typically conduc e u n alkali n eta is me 

poiymsrUation initiator, either under vacuum or in an inert gas atmosphere such as mitogen or argon, in an organic 
solvent, and at a temperature wThiti a range {mm -100 to 50°C and preferably from -lOOto -2Q°C Examples of suitable 

55 alkali metals Include lithium, potassium, sodium, and cesium, whereas examples of suitable organoalkaii metals include 
ated. a t J aryiated mpounds c thr- at o m a tmii netais Specific ex (lithium, sec 

butyilithium. t-butyililhtum. ethyfeodlurn, lithium biphenyl. lithium naphthalene, lithium trtphenyl. sodium naphthalene, 
ct-methylstyrene dianion, 1,1-diphenylhexyiiithiurrt, and 1,1-dipheny!-3-methylper : !yttfthium 
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[{ 0S2] f , \ < i/ents typically used ii 5. 

eluding aromatic hydrocarbons (such as benzene, toluene, andxyione), aliphatic hydrocarbons (such as hexane and 
octane), aiicyclic hydrocarbons ((such as cyelohexaneandcyciopentane), ketones (such as acetone, methyl ethyl he 
tone, and cyctehex (such is -eirahydrofuran, dioxane, ethylem 

s glycol dimethyl ether), anisois. and hexamethyf phosplwamide. Furthermore other convent ia dot Ives including 
pal \ n - 1 *'e o kai < ai n not -si sal r I u 1 as lithium chloride and the like, can also be used 

for controlling the cot o eaction. 

[0063] In those cases where a compound containing an active hydrogen atom such as a hydroxy; group or aearboxyl 

group is used in a living anionic c < on the active hydrogen atom is first protected using a conventional pro- 
re tective reaction such as a sllylation or a conversion to an acetal or 80C group tee polymerization reaction is conducted, 

ana then to /mg tion .esctior is eenouc eU k td or alkali. 

[0064] rv jtess ftnecopo nor ilon rc tctlon or confirmation of completion of the region canes =isce ? i d 
jas c t 1 ; i i chr t t > >- j - n Btograj: rem 

brane osmometry, or NMR. Following completion of the copolymsnxadori reaction, i he copolymer can be obtained via 
'5 ' ( |o m ,1 mJ h ' { i i ct to water or 

another poor solvent, and men fiitenng oil and crying the precipitated polymer component, 

\ \ t E=« lyte of ssen or 

30 (0065] A olyn ' 1 r mipri ;s =t op l>m i o n m electrolyte 

salt, The copolymer can use a mixture of two or more copolymers with different structural units. 
[0066] There are no particular restrictions on the electrolyte salt ussd in the si ention ana an electrolyte 
ss me most cos , < display a 

arge diss - v lectrolyte produced on curing are preferred. Suitable examples 

S5 nclude a ity ammonium salts su i 51 tjua oaphonium salts such as 

{CH 3 } 4 PBF g . transition metal salts such as Ag€iO, t or protonic amds such ss hydrochloric acid perchloric acid, and 
iiueroboacacid, and ol these, alkal: mote: salts qcaletnary ammonium salts, quaternary ehosphonium salts, and tran- 
sition metal salts are preferred. 

[0067] Specific examples of suitable electrolyte salts include conventional alkali metal satis such as LiCF 3 S0 3 , UN 

30 (CFjjSOsfe, LIC(CF 3 SO a } 3l LiC{CH 3 }(CF 3 S0 2 } 2t LiCH{CF 3 S0 2 ) 2> UCH 2 (CF 3 S0 2 ) ( LiC s F 5 S0 5 , LiNiC 2 FgSO a ) 2! UN 
(CF s SO j) PF a HSoFg I CI0 4 18, UBF+, USCN, UAsF e , NaCF 3 S0 3 , NaPF 6: NaCi0 4 , Nat. NaBF 4 . 

NaAsFg. KCF 3 S0 3 , KPF 8 , Kl, LiCF 3 CQ 3 , NaCIO s , NaSCN, KBF* KPF 6 , MgfCIO^, and Mg(BF 4 ) s , and these elec- 
f rotyte salts may be used either singularly or in mixtures of two or more different salts. Of the above electrolyte salts, 
lithium salts are particularly preferred. 

as [0068] The quantity added of the electrolyte salt is typically within a range from 0.005 to 80 mol%. and preferably 
from 0.01 to 50 mo!%, relative to the quantity of aikylene oxide units within the copolymer. A polymer electrolyte of the 
present invention can be produced by adding, and mixing (comptexing) an electrolyte salt with an aforementioned 
copolymer. There are no particular restrictions on the method used for this addition and complexmg process, and 
suitable methods include a method in which the copolymer and the electrolyte salt are dissolved In a suitable solvent 

40 such as tetrahydrofuran, methyi ethyl ketone, acetonitnle. ethanof, or dimethylformamide. and a method in which the 
copolymer and the electrolyte salt are mixed together mechanically either at room temperature or under heat. 
[0069] Molding the aforementioned solid polymer electrolyte into sheet, membrane, or film form is particularly desir- 
able, and by so doing, the degree of freedom of the processed surface increases, which provides significant practical 
benefits. The sheet -tike sella polymer electrolyte can be produced by any of a variety of coating techniques including 

■*s foil coating, curtain coating, spin coating, sipping, or casting, and using one of these techniques, a film of the solid 
polymer electrolyte is formed on the surface of a substrate and th ostraic is y removed to yie j the 

solid polymer electrolyte sheet. 

OVCd 1 i ^ i ' ercomf 1 

C. In the composition, the block chain A, because it contains a repeating unit represented by the formula (!}. can be 

so conside r > nys ionic conductivity, the bioct- chair B occ rs< it ontarr a 

repeating unit represented by the formula fid, can be considered as a polymer segment \ P2) that displays no tome 
u wd ie block chat t of a preferred embodimen which < 1 ted by the 

formula (i v - s< cit (P2) that dlspiays no ionic conductivity and ■>■ • - the block 

chains are represented by each of these polymer segments, the copolymer is a polymer in which the segments are 

55 arranged in a P2, P1 , P2 sequence. 

[0071] A solid polymer elect ve motion mducttv f 'nr mprises 

a polymer containing a polymer segment (P1) that displays ionic conductivity, and a polymer segment (P2) that displays 
ionic err <\ n comprise s « 1 marodo-nain-^ -nd P2 n iero f 
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grated structure. 

[0072] sepa i 1 t m t etwoik-u, 

< uof u re. the icmic conduct iv /,ther. tar (eristics, the 

thermal characteristics., and particularly the film strength, can all be improved. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00733 1 is a transmission electron microscope photograph showing a cross-section of an electrolyte film com- 
prising a B-A-B type multi-branched polymer compound according to the present invention. 

w 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0074] As follows is a more detailed description of the present invention using a senes of examples, although the 
present invention is in no way restricted to the ex « . ited be low 

15 

Example 1 <Solid polymer eieclroiyte comprising a 3-A-8 type multi-branched polymer compound in which the block 
chain A oSy-methoxyj > 1 and h bio ham B is poiysfyrene> 

; 1 Q\ the ris f ihe clock r tair A 

[0075] To 89,40 g of toluene under an argon atmosphere were added 0.05 g (0 05 mmol) of dichloroiris{triphenyl- 
F 5 Jti 1 > i i 1 -i * ■ t !e <81emer PME-1G0G, 

a compound of the ate . - formula (IV «J*e v en m 23, manufactured by Wf Corporatio 1 > low ^ 
mixing to generate a homogeneoi 
ss roacetopheriorse were added, The res t < v. as then healed to 80*C under constant stirring to initiate the 
l \! f i-t roact:on, Following reaction for 22 hours from the point of reaction initiation, the polymerization reaction 
> , eactian s I <■ a zaiion ratio was 55. Oed Fhe poiymeri- 

jtion was then purified passaj th! oogh a column to remove the metal complex and any unreacted mon- 
omers, and the toluene wi- i y< 
so methactylale (hereafter abbreviated as P-PME1000-1). The resulting P-PME1 000-1 was a single peak polymer with 
a number average molecular weight {Mr} of 122,500. 

(2) Synthesis of a B-A-B type multi-branched polymer compound 

as [0076] To 20.37 g of toluene under an argon atmosphere were added 0,01 g {0.01 mmol) of chloropentamethylcy- 
ciopentadieriyi-bisariphenyfphosphineirutrtenium, 6.13 g (0 05 mmol) of P-PME1 000-1, 2.60 g (25 mmol) of styrene, 
ana 0.57 g (5.0 mmol) of n-octarse, and following mixing to generate a homogeneous solution. 0 01 g (0.1 mmol) of di- 
n-butylamine was added, and the resulting mixture was heated to 100' : 'C under constant stirring to initiate the polym- 
erization reaction. Following reaction for 22 hours from the point of reaction initiation, the polymerization reaction was 

40 halted by cooling the polymerization reaction system to 0°C. The styrene polymerization ratio was 26%. The polym- 
erization solution was then purified by passage through a column to remove the metal complex and any urosacted 
monomers, arid the toluene was then removed urate reduced pressure, yielding a multi-branched polymer compound 
wish a po!y-{styrene-b»Pfct_ I N pe sti ure in which the metboxypolyethyie t jiy »cted as a graft 

chain. The 1 ' i <: ,< s np und was a single pea* polymer w a etwe ntheb r 

« chain A and the block chain 8 of A/B = 2.06/1 (degree of polymerization ratio), and Mn = 136,000, Furthermore, the 
thus o 1 " i 1 i i * 4 ' tea film, and inspector 

of the cross-sect n of this Him under ronn M k-t> >pha 

separated structure. 

so (3) Preparation, and evaluation of the properties of a solid polymer electrolyte film 

[0077] I g of the mi t : ymer compound obtained by the process described above was dissolved in 25 

mi of acetone under an argon atmosphere, and 0.09 q of LIC10., as an eiectroiyte sail was then added to the resulting 
solution and dissolved to generate a homogeneous solution. The solution was then spread onto a Teflon {registered 
55 ' idemart j • t nd for 24 ho is at oom temperature and was then dried under reduced pressure 

at S0*C for 24 hours, thus generating a uniform solid electrolyte film (fiSti thickness 140 jim). Under an argon atmos- 
phere, i his film was then sandwiched between platinum plates, and art impedance analyzer of frequency 6 Hz to 1 0 
v isure 'he tonic conductivity by complex impedance analysis The measurement 
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revealed an ionic conductivity at 23 5 G of 3.8 x 10- 4 S/cm. 

[0078] Furthermore, the cross-section of the thus obtained solid polvmr e<v rte was i p cted using a 
transmission electron microscope ft EM). The resulting photograph is shown in FIG. 1 . From FIG. 1 it is evident that 
strucu v inetv nicroi is ructure. 

s 

Example 2 <Solid ? rising a B-A-B type mufti-branched polymer compound in which the slock 

chair? A is pcly-tnt < - , /col nionomethactyiate, and the block chain B is polystyrene: 

(1 ) Synthesis of the block chain A 

10 

[0079] To 115 8:',-' lu as - t jsphere were added 0.10 g (0.1 mmoi) of dicf!lorotris(trlphenyl- 
phosphtne)ruthenium and 28.95 g (26.0 mmol) of Blemer PfViE-1000, and following mixing to generate a homogeneous 
solution 0.05 g {0.4 mmol) of d:-n-buiylamine and 0.C4 g {0 2 mmol) of 2.2-dich c o » « 

resulting mixture was then heated to SfTC under constant stirring to mrtiate the polymerization reaction Following 

is < ict i for 48 hours from the po:n »1 i I i >lingthepoiym 

satiot a \ epol* tlon ratio was 50% The p men/ation solution was then puri 

- and any unreached monomers and the toluene was than 
removed under reduced pressure, yeidmg poly -methoxypoiyethyiene glycol moncmetbacrylaie (hereafter abbreviated 
as P-PME 1000-2). The resulting P-PME 1000-2 was a single peak polymer with a number average molecular weight 

20 (Ma) of 70.000 <a degree of polymerization of 63). 

(2) Synthesis of a B-A-B type multi-branched polymer compound 

[Q080] To 32.62 g of toluene under an argon atmosphere were added 0.02 g (0.02 mmoi; of chloropentamefhylcy- 
35 clopentad trif \ enium. 7.00 g (0.10 mmol) of P-PME1000-2, 6,98 § (67 mmol) of styrene, 

and 0.57 g (5.0 mm r solut 0.03 g (0.2 mmoi) of di- 

n-butylamine was added and the resulting mixture was heated io 100 : 'C under constant stirring io initiate the polym- 
erization react t - owing reaction tor 45 hour fror the point of reaction » iatior e pc t reaction was 
halted by cooling the polymen/ahon reaction system to 0°C. The styrana polymerization conversion ratio was 57%. 
30 The polymerization solution was then purified by passage through a column Io remove the metal complex and any 
unreacted monomers, and the solvent was then removed under reduced pressure, yielding a multi -branched pofyroer 
compound with a pofy-{styrene-b-PM£-1 000-b-styrene) type structure in which the methoxypoiyethyiene glycol acted 
as a graft chain. The thus obtained multi-branched polymer compound was a single peak polymer with a ratio between 
the block chain A and tne block chain B of A/8 = 1/6 {degree ot polymerization ratio), and Mn * 108,000. 

as 

(3) Preparation, and evaluation of the properties of a solid polymer electrolyte film 

[0081 J With the exception of using 0.07 g ofUCIO* a uniform solid electrolyte film was prepared in the same manner 
as the example 1 , and the ionic conductivity was measured. The measurement revested an sonic conductivity at 23"C 
40 of 5/ 10-3 s/cm. Furthermore, inspection of the thus prepared film using a transmission electron microscope revealed 
a similar network-type micrc phase see a structure to that ot the solid polymer electrolyte obtained srt the example 1 . 

Ex 1 - 1 i 1 \ ind in which c'x 

chain A c v m<t < i I monomethacrylate. and the bl ham no s rene> 

(1) Synthesis of the block chain A 

t Jo 1 - O ' J 1 

g (1.0 mmol) of bfpyndine, and 29.80 g (60 mmol) ot methoxypoiyethyiene glycol mo nethacryi \ (Blemer pme- 
sn 400, a compound t i d by NOP Cog oilcw 

mixing to generate a homogeneous solution, 0.09 g (0.5 mmol) of 2,2-dichloroacetophenone was added, and tne 
resulting mixture was then healed to 80*C under constant stirring to initiate the polymerization reaction. Foilcw;ng 
reaction for 40 hours from the point ot reaction initiation, the polymerization reaction was halted by cooling the polym- 
erization r > i i t ~t F a a h i a dec to the 
55 reaction solution, excess magnesium sulfate was added, and following filtering, the filtrate was purified by passage 
through a column to e ti alcoi plex and any un eacted m nun --a The solvent was i en re ra under 
reduced pressure yielding poly-methoxypolyeihylene glycol monomethacrylate (hereafter abbreviated as P-PME400). 
The resulting P-PME40Q was a single peak polymer with Mr; ~ 55.000 (a degree of polymerization of 110). 
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(2} Synthesis of a B-A che or compound 

[0083] To 14.58 g of toluene under an argon atmosphere were added 0.01 s (O.i mmoi} of copper (I) mortis. 0.03 
g {0.2 mmoi} of blpyrtdine, 5.00 g (0.09 mmof) of P-PME400, 1.25 g {12 rnmol) of siyfene. and 0.11 g (1 .0 mmoi) of n- 

$ octane, and fclkwing mixing to generate a homogeneous solution, the resulting mixture was heated to 100 a C under 
constant stir n g t > Following reaction or 25 hours rom hp Din >i re i ion initi- 

ation, the ynen/rfiior eac t v cooing the polymerization reaction system to 0"C. The styrene po- 

iy i i • ?.atioo conversion ratio was 70%. The reaction solution was then purified by passage through a column to remove 
She metal complex, and the .-. • . ,-. ien removed under reduced presst "hed polymer 

io compound -with a p y \ r 1 yi le) type structure in which 3tf oiyethylene glycol acted 

asaqraf.oham "'hr i. lcned polymer compound was a si seakf rm vein -.'&hc between 

the block chain A and the block chain B of A/B - 1 .2 , - -a e Mi 65 000. 

(3) Preparation, and evaluation of the properties of a solid polymer electrolyte film 

w 

{0084) With the exception of using 0 08 g of UCI0 4 , the ronic conductivity was measured in the same manner as the 
example 1 . The measurement revealed an ionic conductivity at 23"'C of 1 / 10"* S/cm. Furthermore, inspection of the 
thus prepared film using a transmission electron microscope revealed a similar network-type micropnase separated 
structure to that of toe solid polymer electrolyte obtained in tne example t 

Example 4 <Solid polymer electrolyte comprising a B-A-C type mult Lt n M i ne mpound ;n which the block 
chain A is poly-metfioxypoiyetbylene glycol monoacryiate, the block chain 8 is polystyrene, and She block chain C is 
isobomyl acryiate> 

a? » f » block chain B 

[0085] To 43 g of toluene that had already undergone argon degassing treatment were added, under an argon at- 
mosphere. 0.02 g (0.02 rnmol) of chloropontamsthylcyciopentadicf y t <. I e icr j-n .•0 8g<?0>J 
rnmol) of styrene, and 0 57 g (5 mmoi) of n-octane, end following mixing to generate a homogeneous solution. 0.08 g 

30 (0.4 rnmol) of aluminum Isopropoxide and 0.08 g (0.4 rnmol) of 2-bromo isobutyrate were added and mixed to form a 
homogeneous solution, and the resulting solution was heated to 100'C under constant stirring to initiate the polymer- 
ization reaction. Following reaction for 50 hours from the point of reaction initiation, the polymerization reaction was 
halted by cooling the polymerization reaction system to 0»C. The styrene polymerization conversion ratio was 50%. 
The polymerization solution was then purified by passage through a column to remove the metal complex and any 

as unreactec monomers, and the volatile fraction was then removed under reduced pressure, yielding polystyrene. The 
thus obtained polystyrene was a singie peak polymer with Mn - 25,000. 

(2) Synthesis of a B-A type multi-branched polymer compound 

40 {0086) To 68 g of toluene under an argon atmosphere were added 0.02 g {0.02 rnmol) of chieropenfamethylcyciopen- 
tadienyl-Ois(triphenylphosphine)rumenium. 2.5 g (O.i rnmol) of the polystyrene obtained m {1) above, and 27.1 g (55 
rorool) of m 1 leme AMtT 4C0 a compound of I > ad fomjute 

(VI) wherein m 3 i i crporntio! md following g rous solution, 

t ft? ce mr tin i i dure v 8 in cof olv 

■*s rnehzation reaction Following eaction for 35 hours frem the point of copolymt ation 1 a " f "i^ ft nm-m/r'^n 
react on w s nal e by coo tton system to 0 The \U 1 r aversion 

ratio was 60% The polymerization solution was then purified by passage through a column to remove the metal complex 
and any unreacierJ monomers, and the volatile fraction was then removed under reduced pressure, yielding a multi- 
branchac » i ene-l \M typ tun hie a ixyporyethylene glycol 

so acted as a graft chain. The thus obtained multi-branched polymer compound was a single peak polymer with Mn - 
1 78,000. 

(3) Syr t> csts of a 3-A- ^ type mi ifltner compound 

55 [0087 I i • r v i r r y 

tadienyl-bis(iriphenyfphosphine}tijthentL.m, 17 8 g (0.1 mmoi) of the or > * ' ? tained in {2 

dove, 3 7 g (18 mrno . rn> - , i and 0.57 g (5 rnmol) of n-octanc. and tol ov g r ig 

homogeneous solution. 0.03 g (0 2 mmoi) of di-n-burysaminewaa added, and the resulting mixture was heated to ao*C 
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tantstl j to inmate the eopclyi < eacti \ j ct for 20 hows fromd nt of reaction 

initiation, -he copoiymerization reaction was halted by cooling the polymerization readier; system to 0"G. The methyl 
was : . le poiymer&ation solution was then purified by passage through a column to 
remove the metal complex and any unreached monomers, and the volatile fracfi • I removed under reduced 
s pressure, yielding a multi-branched polymer compound with a po!y-(styrene-b-AiVE-400-b-isobornyi acrylale) type 
r u n which ;he met \ ycol acted as i graft chain f thijs obta 1 1 h d pofyme 

compound was a single pea < p > , • ler with a ratio between the block chain A, and the combination of the block chain 
B and the block chain C of A/{B+C) - 1 . 1/1 (degree of polymerization ratio), and Mn - 1 89,000. 

to (4) Preparation, and evaiu I ■ -. solid polymer electrolyte film 

[0038] With the s ne manner 

as the example 1 . and iho ionic conductivity was measured. 'The measurement revested an ton* conductivity at 23'C 
of 2 :• 10- 4 S/cm Furthermore, inspection of the thus prepared film using a TEW revealed a simitar network-type 
is 5 sopar; 1 st 1 r > the example 1 

Example 5 

[0089J Using the A 3 \ sided in a 

so variety of different molar ra ■• iC-fe 1 {in the Li sail cc neoxidt toils 

and solid p < - )!ytes were prepared in the same manner as the exampte ft 1 i conductivity) 

aech d / vie was enm-aasut i at a number of differersttemperatures, using the method described 

in the example 1 . The results are shown in Table 1 . 



lacie 1 



30 



Lt salt 


Conductivity (S/cm) 




20°C 


30»C 




SO'C 


6Q<C 


0,03 


? 2E 06 


2.GE 04 


32E-04 


4.4E-C4 


5 4E-04 


70E-04 


0,05 


9 2£ 05 


3.0E-04 


4.6E-04 


5.6E-04 


6 3EQ4 


8.6E-04 


0.08 


■I «F '? 


■ - ■ 


1.85-04 


3.0E-04 




5.5E-04 



Comparative Example 1 <Solici polymer electrolyte comprising a A-B-A type r > net compound in 

which the block chain A is poiy-memoxypolyethyiene glyco le and the block chain 8 is po y m 

[0090] Under conditions including constant stirring under an argon atmosphere at a temperature of -?8'C, 2.05 g 
(19.2 mmol) of styrerte was added to 200 ml of a tetrahydrofuran solution containing 0 15 mmo! of a-mmhylstyrene 
tetramer dlsodium, and the polymerization reaction was allowed to proceed for 1 hour. When a small sample of the 
polymerization solution was removed from the reaction system and analyzed by gas chromatography it was evident 
that the polymerization had finished, and GFC analysis revealed that the product polymer was a single peak polymer 
with Mn - 13.000 Subsequently, the temperature of the reaction system was raised to -4G*C, 0 31 mmol of dlphe- 
>l <f "VE 400 v< is add i dropwise tothe reac WteraHowing 
the copofymetotiion reaction to proceed for 2 hours, melhenol was added to halt) he reaction When a smell sample 
sect I ' 1 , aphy ii was 

evident that the polymerization had finished. sndGP'C analysis revealed that the product copolymer was a single peak 
polymer with Un - 1 30.000. The tetrahydrofuran was then removed from the reaction solution under reduced pressure, 
?an ory ier compound wr i a polj (PME400-b-styre ie b - 3 /c structure in whic! the 

- ' > 1 jl cted as a g ra *» i , 1 i 1 1 t j \ i 

- the multi or nched Ov yr et c i r cxd ipie *, 

1 i v uoo c oss ir ik r g elect ti e polyme oompou * i us liquid at 

r a reformatio and ionic conductivity measu r r were imf 
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Comparative Example 2 <Solid polymer electrolyte comprising a B-A-8 type multi-branched poiymer compound in 
which the block chain A is poiy-mefnoxypoiycthytene glycol monomethaerylate. and the block chain 3 is poly-methyl 
methacoyiate> 

s [0091] To 32.69 g of toluene under an argon atmosphere were added 0.05 g (0.0S mmol} of dichloro-risfbiphenyl- 
phosphine)ruthenium. 7 00 g (0 10 mmol) of P-PME1000 obtained in the example 2, 7.01 g (70 mmol) of methyl molh- 
MA) apd 0 57 g {5,0 mmol) of n-octane, an 
c i g (0.2 mmol) of dim-butylamine v.a^ added net the result ilxtu v she edto 3( 
unde c;" ^ ymer&ation reaction. Followin rom she point of readier 

"'>-■' nrtiatior s , ed by cooling the potyi 1 >n ictton system to 0*C. The MMA po- 

»- • a ic was 55°- lie polymerization solution was then purged by passage th ougn a column to remove 

the metal complex and any unreacted monomers and the solvent was then removed under reduced pressure, yielding 
a multi-branched polymer compound wrth a poly-(MMA-b-PMCM OCQ-b-MMA) type structure m which the methoxypol- 
yethyiene glycol acted as a graft cham The thus obtained multi-branched polymer compound was a single peak polymer 
» with a fa - r A i the block chain B o AC 16 d 1 poly it 0 and fvl 

107,000. Furthermore, the Ihns obtained multi-branched polymer compound was dissolved in acetone and used to 

nspecfi lot in ross-seciion Hhis fitm under a transmission el -cop 
a uniform structure, wrth no evidence of a tmctophase separated structure 

[0092] Measurement of the tonic conductivity in the same manner as the example I revealed a reset; at 23°C ol 2 
20 x10- s S/cm. 

INDUSTRIAL APPLICABILITY 

[0093] A solid polymer - - h network-typo roicrophase separated 

25 structure as a result of the positioning of segments such as styrene with no ic ni ductivity ij < > o ion conductive 
segments such as polyethylene glycol mono(meth)acrylate. displays practical levels of thermal characteristics, physical 
eristics and ionic condu /lly, a ,i has potential uses is the solid poh, ectroiyh ed i electro 
chemical elements such as lithium batteries, and because the solid polyene; o'>< 'it nvontion enables 

reductions in both the size and weight of such elements, it is expected to offer considerable industrial benefits. 

30 

Claims 

1 , A solid polymer electrolyte comprising an electrolyte salt, and a copolymer In which a block chain A containing a 
as repeating unit represented by a formula (I) shown below: 



40 




whereit ^toR , a hydrogen atom ot a in rocarS group oi C1 fo C1 0, R-j and 

R 3 may be bonded together to form a ring, anc each recesc" , >. hydrogen atom or a 

nefnyi group 3 i s a hydrogen atom, a hydrocarbon group, an acyi gioop. or a siiyi group, m represents 
an integer from 2 to 100,, and individual and R^ groups are either identical or different), a block chain 8 
containing a repeating unit represented by a formula (I!) shown befow: 



55 
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4 



r r 

c— c— 



* (II) 



{wherein, tc 3 t , t hydrogen atom or a hydrocarbon group of Ci to CIO. and R« 

represents a ae gi jp and a block chain C are arranged in a sequence B, A, C. 

A solid polymer electrolyte according to claim 1 . where; n said block chain C contains a repeating unit represented 
by a formula till) shown below: 



Rio f ,a 
~c c-~ 



(iil) 



(wherein, R 10 to R t2 each represent, independently a hydrogen atom or a by < )tz«p of C1 to C10, and 
R 1S represents an aryi group or a heteroaryl group), 

3. j im 1 end claim 2. wl a k chains A to G form 
a copoiymer with a 8-A-C bonding sequence. 

4. \ -o id r t ' ccc ing am. km claim 1 through aim 3. wherein a d roe of polym 
of a repeating unit represented by said formula (!) is at least 10. 

5. A solid polymer electrolyte according to any one of claim 1 through claim 4, wherein a degree of polymerization 
of a repeating unit represented by said formula {!!) is at least 5, 

6. A solid polymer electrolyte according to any one of claim 2 through claim 5, wherein a degree of polymerization 
of a repeating unit represented by said formula (IIS) is at least 5. 

7. Asolltipofc net > xsl ;>lyte according to any one of the claim 1 through claim 6 : wherein a value oftn in said formula 
{!) is an integer from 5 to 100. 

8. A solid ? , ought claim 7 wherein a value of m in said formula 
(1) is an integer from 10 to 1C0. 

9. A solid polymer electrolyte according to any one of dasrn 2 through claim 8. wherein said group ft n in said formula 
{ill) is an aryl group, and a degree of polymerization of a repeating unit represented by said formula (hi) is at least 5. 

10. A solid poly e ccord=ng to any one o c n ] n 9 wn in mo ar ra I 
betwee repeat it I uses by ton ui.a (I) and a combined total of ref <, 
said formula (H) and repeating units wtthtn sa=d block chain C is withm a range from 1/30 to 30/1 

11 . A solid r. r oiyte according *o any one of claw 2 through claim 9. wherein a molar rahc {(l)/{(ls}*<Hi))) 
between repeating units presented by said formula (I) and a comDmed total of repeating units tepresenfed toy 
said formula 111) and repeating units represented by said formula (ill) is within a range from 1/30 to 30/1 . 

12. A«c i ■ ng to any one of cialm 1 through claim 11 .wherein a number average molecular 
weight v s^ z 2 r i 5,000 o 1000 003 
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13. A solid polymer electrolyte according to any one of clasm 1 through claim 12. wh*b exhibits a microphase separated 
structure. 

14. A 5 olid polymei electroij I » iny one of claim 1 through clain 1 

s or more matet jits, quaternary ammonium salts, quaternary 

phosphoniam salts, transition metal salts, and protonlc acids. 

15. A solid polymer electrolyte according to any one of claim ' through claim 13. wherein said electrolyte sail is a 
lithium salt. 

10 

16. Ac cna block chain A containing a repeating unit represented by a formula (!) shown below: 



4-h 



• (0 



{wherein, R, to R 2 each represent, indepet i ' - tatci I c jc of C1 to C1 0, R, and 

Rj may be bo ded together n ring. R. t; , an; , - r id / a lydrogen atom or a 

m a hydrocarbon group, an acyi group, or a silyl group, m represents 
an integer from 2 to 100, and individual R 4a and groups are either identical or different),, a block chain B 
containing a repeating unit tap resented by a formula {II} shown below: 



R 6 «8 

-ft— H- ••■ 



(II) 



{wherein, F\ to - ; lependenily. a hyciroue i atom or a hydrocarbon group of CI to CI 0, and R s 

represents an aryi group}, and a block chain C containing a repeating unit represented by a formula {III} shown 
below; 



~f ? 9~~h • * • (in) 



50 R " R « 

(wherein, R 10 c ; itly a hydrogen atom or a hydrocarbon group of C1 to C10, and 

R 1S represents an aryl group or a heieroaryt group) are arranged in a sequence 3. A, C. 

55 17. A copolymer accord ir i f i her In a B-A tin 

18, A c ope j o e :h e> one of claim 1 8 and claim 1 7, wherein a de$ 

unit repres - " 1 
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19. P 1 1 1 i n of claim 16througr 1 r .* jree of pot> tton of a repeating 
unit repress*? 1 at is at least 5. 

20. A copolymer according to any one of claim 1 6 through daitn 1 9. wherein a degree of polymerization of a repeating 
unit ;opte ■ , rmufa (til) is at least 5 

21 . A copolymer according to any one of claim 16 through claim 20. wherein a value of m in said formula (!) is an 
integer from 5 to 100. 

22. A copolymer according to any one of claim 18 through claim 20. wherein a value of m in said formula (!) is. an 
integer from 10 to 100. 

23. A copolymer according to any one of claim 16 through claim 22. wherein said group R, 3 in said formula (111) :s an 
aryi group nr J < i L t;tr < \, ti n of a tec ating nt ©presented by sai fo nula (II teas 5 

24. A copolymer according to any one of claim 16 through claim 23. wherein a molar ratio ( W H'siH ))) between 

peatmgut aidmrmula (!) nd mbined total rep itin ji it j sentedby s id f mula 

{H) and repeating enlrs represented by said formula (ill) ts within a range from i/3D to 30/' 

25. A copolymer acc g to any < r > aim 6ih atgl ct im who ;in t number av a t r weight of 
said copolymer is within a range from 5.000 to 1,000,000. 

26. A copolymer according to any one of claim 16 through claim 25, which exhibits a microphase separated structure. 

27. A method of producing a copolymer according to any one of claim 16 through claim 26, which utilizes a living 
radical polymerization in which a transition metal complex is used as taiys < moha en compound 
comprising 1 or mote halogen atoms is used as an initiator. 

28. An ion conduuiv fine n - . i i ising a polymer segment (P1) that displays ionic conductivity 
and a polymer segment (P2) thai displays no ionic conductivity, wherein said him exhibits a network-type micro- 
phase separated structure, 

29. An ion conductive film according to claim 28, wherein said polymer comprising PI and P2 is a polymer In which 
said segments ate arranged In & P2, P1, P2 sequence. 
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